C(5)-C(5a)-modified bicyclomycins: synthesis, structure, and biochemical and biological properties.
Bicyclomycin (1) is a novel antibiotic that targets rho transcription termination factor in Escherichia coli. We have demonstrated that retention of the C(5)-C(5a) exomethylene unit in 1 is not essential for inhibition. In a recent paper we proposed a working model for 1 and rho function and suggested that 1 binds in a cleft with the C(5)-C(5a) exomethylene unit directed toward the dimeric interface of two rho monomers. This report examines the bicyclomycin C(5)-C(5a) structural constraints necessary for retention of rho inhibitory activity. Three classes of C(5)-C(5a)-modified bicyclomycins have been prepared and their inhibitory activities evaluated in the poly C-dependent ATPase and filter disk antimicrobial assays. The first series consisted of 12 analogues (8-19) that contained a C(5a)-unsaturated substituent and possessed C(5E)-geometry. The second set were a pair of C(5a)-substituted C(5E)- and C(5Z)-geometrical isomers (21 and 23). The final group of compounds consisted of six C(5)-C(5a)-dihydrobicyclomycins (24-28, 34) where the terminal substituent was systematically varied. We find that extending the C(5)-C(5a) double bond with unsaturated substituents provides bicyclomycin derivatives with excellent inhibitory activities in the biochemical assay, and that enhanced inhibitory activity is observed for the C(5E) geometrical isomer compared with its C(5Z) counterpart. Finally, C(5a)-substituted dihydrobicyclomycin inhibitory activity appears to be tightly regulated by the nature and spatial placement of the C(5a)-terminal substituent with respect to the [4.2.2]-bicyclic ring system. The observed biochemical activities for the C(5a)-extended conjugated bicyclomycin derivatives and the (5E) and (5Z) isomers were correlated with a structural model for the 1-rho complex.